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7KH &RORUDGR SRWDWR EHHWOH Leptinotarsa
decemlineata 6D\ &ROHRSWHUD &KU\VRPHOLGDH LV
D PDMRU SHVW RI SRWDWR WRPDWR DQG HJJSODQW LQ
1RUWK $PHULFD DQG (XUDVLD ,WV UHVLVWDQFH WR PDQ\
SHVWLFLGHV %LVKRS 	 *UDILXV  KDV SURPSWHG
GHYHORSPHQW RI VWLOO PRUH FKHPLFDO FRQWUROV DQG
DOVR PDQDJHPHQW DOWHUQDWLYHV LQFOXGLQJ FXOWXUDO
FRQWUROV UHVLVWDQW YDULHWLHV DQG HQGHPLF DQG H[RWLF
ELRORJLFDO FRQWUROV :HEHU  7KH FDUDELG
EHHWOH Lebia grandis +HQW] &ROHRSWHUD &DUDELGDH
LV D QDWXUDO HQHP\ QDWLYH WR 1RUWK $PHULFD ZKRVH
DGXOWV IHHG RQ L. decemlineata HJJV DQG ODUYDH LWV
ILUVWLQVWDU ODUYDH DUH REOLJDWH SDUDVLWRLGV RI L.
decemlineata SXSDH )LJXUHV ±. Lebia grandis LV
RQH RI WKH PRVW LPSRUWDQW HQGHPLF SUHGDWRUV RI L.
decemlineata *URGHQ  5LGGLFN 
+RZHYHU LWV SULPDULO\ QRFWXUQDO KDELW UDUH
DSSHDUDQFH LQ SLWIDOO WUDSV HVFDSH KDELWV RI DGXOWV
DQG FU\SWLF OLIH F\FOH RI ODUYDH DOO KDYH WHQGHG WR
PDVN LWV VLJQLILFDQFH DQG WR UHVXOW LQ OLPLWHG
UHVHDUFK*URGHQ
L. grandis RFFXUV FRPPRQO\ LQ DVVRFLDWLRQ ZLWK L.
decemlineata LQ WKH HDVWHUQ 86$ DV IDU QRUWK DV
0DLQH 2QWDULR DQG 4XHEHF 0DGJH 
+HPHQZD\ 	 :KLWFRPE  /LQGURWK  $
$O\RNKLQ SHUVRQDO FRPPXQLFDWLRQ %XW L. grandis
KLVWRULFDO UHFRUGV 0DGJH  /LQGURWK  GR
QRW LQFOXGH D ODUJH SDUW RI WKH ZHVWHUQ UDQJH RI L.
decemlineata 5LOH\ HW DO  7KH W\SH ORFDOLW\
RI 1RUWK &DUROLQD +HQW]  DQG VHYHUDO RWKHU
HDUO\ UHFRUGV FRXOG QRW KDYH EHHQ DVVRFLDWHG ZLWK L.
decemlineata EHFDXVH WKH\ ZHUH FROOHFWHG EHIRUH
WKLV SHVW¶V VSHFWDFXODU DQG ZHOOGRFXPHQWHG
HDVWZDUG H[SDQVLRQ LQ WKH WZR GHFDGHV IROORZLQJ LWV
DGRSWLRQ RI SRWDWR DV D QHZ KRVW SODQW ILUVW
UHSRUWHG LQ HDVWHUQ 1HEUDVND LQ  5LOH\ 
7RZHU  &DVDJUDQGH . L. juncta *HUPDU
WKH RQO\ FRQJHQHU QDWLYH WR WKH HDVWHUQ 86 LV WKH
PRVW OLNHO\ RULJLQDO KRVW IRU L. grandis LQ WKDW
UHJLRQ /LQGURWK  5LGGLFN  .QRZQ DV
WKH IDOVH SRWDWR EHHWOH WKLV LQVHFW IHHGV RQ
KRUVHQHWWOH Solanum carolinense / DQG LV RQO\
RFFDVLRQDOO\ VHHQ RQ SRWDWR -DFTXHV  &ODUN HW
DO . L. haldemani LV UHFRUGHG IURP 7H[DV
2NODKRPD DQG $UL]RQD DQG PDQ\ VWDWHV RI
0H[LFR RQ ZLOG VSHFLHV RI Physalis DQG Solanum
douglasii DQG RFFDVLRQDOO\ RFFXUV RQ SRWDWRHV
-DFTXHV  &ODUN HW DO  ,W PD\ RYHUODS
ZLWK L. grandis JHRJUDSKLFDOO\ LQ 7H[DV EXW WKH
FDUDELG LV QRW UHFRUGHG IXUWKHU ZHVW RU VRXWK QRU LV
WKHUH DQ\ UHFRUG RI DVVRFLDWLRQ ZLWK L. haldemani
0DGJH /LQGURWK
Figure 1$GXOW Lebia grandis HDWLQJUGLQVWDURI Leptinotarsa decemlineata
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-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 2 Lebia grandis ILUVWLQVWDUSULRUWRDQ\KRVWIHHGLQJUHDUHGDWPHDQWHPSHUDWXUHRI&SLFWXUHGRQ
WURSLFDOVDQGEDFNJURXQG
$ KXQGUHG \HDUV DIWHU LWV GHVFULSWLRQ DV D VSHFLHV L.
grandis ZDV VWLOO QRW NQRZQ WR EH D SDUDVLWRLG DQG
ZDV QRWHG RQO\ DV D VSHFLDOLVW SUHGDWRU RI L.
decemlineata LQ WKH DGXOW VWDJH 7KLV DWWUDFWHG WKH
LQWHUHVW RI (XURSHDQ UHVHDUFKHUV DIWHU WKH
HVWDEOLVKPHQW RI L. decemlineata LQ )UDQFH LQ 
7URXYHORW  %DVHG RQ L. grandis DGXOW
FROOHFWLRQV IURP /RQJ ,VODQG 1< LQ WKH V
&KDERXVVRX  HVWDEOLVKHG WKDW WKH ODUYDH KDG
D SDUDVLWRLG KDELW DQG GHYHORSHG HIIHFWLYH UHDULQJ
FRQGLWLRQV LQ )UDQFH LQ IXUWKHUDQFH RI DQ
XQVXFFHVVIXO DWWHPSW DW FODVVLFDO ELRORJLFDO FRQWURO
RI L. decemlineata LQ )UDQFH 7KH ILUVW
GHPRQVWUDWLRQ RI WKH SDUDVLWRLG OLIH KLVWRU\ LQ D
FDUDELG ZDV WKH FRQJHQHU L. scapularis RQ HOP OHDI
EHHWOH Xanthogaleruca luteola 6LOYHVWUL .
Lebia LV RQH RI WKH IHZ SDUDVLWRLG JHQHUD DVVRFLDWHG
ZLWK KRVWV WKDW IHHG RQ OLYLQJ SODQWV (JJOHWRQ 	
%HOVKDZ  DV IDU DV LV NQRZQ H[FOXVLYHO\
FKU\VRPHOLGV 5LGGLFN  7\SLFDOO\ LQ
FROHRSWHUDQ SDUDVLWRLGV LQFOXGLQJ Lebia ODUYDH DUH
WKH KRVWILQGLQJ VWDJH (UZLQ  (JJOHWRQ 	
%HOVKDZ . Lebia DGXOWV DUH W\SLFDOO\ IRXQG LQ
FORVH DVVRFLDWLRQ ZLWK WKHLU KRVW VSHFLHV DQG
IHPDOHV RYLSRVLW LQ FORVH SUR[LPLW\ WR WKH KRVW
SXSDO KDELWDW LQ WKH FDVH RI L. grandis WKH VRLO
EHORZLQIHVWHGKRVWSODQWV
7KHUH KDYH EHHQ IHZ DWWHPSWV WR XVH
SUHGDWRUSDUDVLWRLG EHHWOHV LQ SHVW FRQWURO
$OWKRXJK WKH HOP OHDI EHHWOH LV D VHULRXV SHVW RQ
VHYHUDO FRQWLQHQWV DQG FODVVLFDO ELRORJLFDO FRQWURO
KDV EHHQ XQGHUWDNHQ LQ WKH 86$ DQG LQ $XVWUDOLD
'UHLVWDGW 	 'DKOVWHQ  /H)RH  WKHUH LV
QR UHFRUG RI L. scapularis EHLQJ FRQVLGHUHG IRU
LQWURGXFWLRQV +RZHYHU WKHUH KDV EHHQ D ODUJH
UHVHDUFK HIIRUW WR HYDOXDWH DQG PDQDJH VHYHUDO
VSHFLHV RI WKH VWDSK\OLQLG JHQXV Aleochara ZKLFK
SDUDVLWL]H WKH SXSDULD RI FDEEDJH URRW PDJJRWV
Delia radicum / DQG UHODWHG VSHFLHV RI
DQWKRP\LLG SHVWV RI FUXFLIHUV LQ 1RUWK $PHULFD
DQG (XURSH )RXUQHW HW DO  6RURND HW DO
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 Figure 3 Lebia grandis IHGILUVWLQVWDUUHDUHGRQ L. decemlineata LQPL[HGPHGLXPDQGDW&PHDQWHPSHUDWXUH
DVGHVFULEHGLQWH[W
 7KHVH VWXGLHV DUH YHU\ SURPLVLQJ IRU XVH RI
QDWLYH DQGRU LQWURGXFHG VSHFLHV RI Aleochara LQ
FDQRODFROHFURSVDQGRWKHUFUXFLIHUV
*URGHQ  GHPRQVWUDWHG WKDW DGXOW L. grandis
FRQVXPH PRUH L. decemlineata HJJV RU ODUYDH SHU
GD\ WKDQ DQ\ RWKHU L. decemlineata SUHGDWRU 2YHU
WKH OLIH RI WKH EHHWOH WKLV VKRXOG KDYH D ODUJHU
LPSDFW WKDQ WKH VLQJOH SUHSXSD NLOOHG E\ WKH
SDUDVLWRLG ODUYDO VWDJH +RZHYHU WKH ³GRXEOH SHVW
FRQWURO´ )RXUQHW HW DO  RIIHUHG E\ WKH
SDUDVLWRLGSUHGDWRU OLIH F\FOH LV XQLTXH DQG
FRPSOH[ 7R JDLQ VRPH LQLWLDO LQVLJKW LQWR WKH ELRWLF
SRWHQWLDO DQG OLPLWDWLRQV RI L. grandis, LQ WKLV VWXG\
ZH LQYHVWLJDWH WKH KRVW VSHFLILFLW\ RI L. grandis WR
SUH\ RQ DQG WR SDUDVLWL]H Leptinotarsa VSHFLHV
RWKHU WKDQ L. decemlineata. )LUVWLQVWDU ODUYDH ZHUH
RIIHUHG SUHSXSDO KRVWV XQGHU QRFKRLFH FRQGLWLRQV
DQG QHZO\HPHUJHG DGXOW FDUDELGV ZHUH RIIHUHG
FKRLFHV RI HLWKHU WKUHH VSHFLHV RI Leptinotarsa HJJV
RU WKUHH VSHFLHV RI ODUYDH WR GHWHUPLQH WKHLU
EUHDGWKDQGIUHTXHQF\RIKRVWDQGSUH\DFFHSWDQFH
Materials and Methods
Sources and rearing of chrysomelids and
carabids
Lebia grandis DGXOWV ZHUH FROOHFWHG LQ $XJXVW 
DQG -XO\  IURP SRWDWR ILHOGV RQ WKH 86'$
%HOWVYLOOH $JULFXOWXUDO 5HVHDUFK &HQWHU LQ %HOWVYLOOH
0DU\ODQG ZKLFK KDG PRGHUDWH WR KLJK SRSXODWLRQV
RI L. decemlineata. *URXSV RI HLJKW DGXOWV HDFK RI
XQGHWHUPLQHG VH[ ZHUH KRXVHG LQ OLWHU YHQWLODWHG
SODVWLF FRQWDLQHUV  [  [ FP GHHS LQ JURZWK
FKDPEHUV XQGHU D  /' SKRWRSHULRG ZLWK
UHODWLYH KXPLGLW\    DQG WHPSHUDWXUHV RI
& IRU WKH K VFRWRSKDVH UDPSHG RYHU  K WR
& KHOG IRU  K LQ WKH PLGGOH RI WKH SKRWRSKDVH
DQG UDPSHG GRZQ WKH ILQDO  K RI SKRWRSKDVH IRU D
GDLO\ PHDQ WHPSHUDWXUH RI & $OO H[SHULPHQWV
GHVFULEHG WRRN SODFH XQGHU WKLV SKRWRSHULRG
WHPSHUDWXUH DQG KXPLGLW\ UHJLPH (DFK FRQWDLQHU
DOVR KRXVHG WZR  PP ORQJ  PP GLDPHWHU
FRWWRQ ZLFNV 3DWWHUVRQ 'HQWDO 6XSSO\
ZZZSDWWHUVRQGHQWDOFRP PRLVWHQHG ZLWK
GHLRQL]HG ZDWHU LQ D  PP GLDPHWHU RSHQ 3HWUL
GLVK ERWWRP DQG VKUHGGHG ZD[ SDSHU FRYHULQJ
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 Figure 4 Lebia grandis SXSD
DSSUR[LPDWHO\ RQHWKLUG RI WKH FRQWDLQHU IORRU $
 FP RU  FP GLDPHWHU RSHQ  PP GHHS 3HWUL
GLVK ERWWRP ILOOHG ZLWK PRLVWHQHG VRLO PL[ WR
ZLWKLQ  PP RI WKH ULP DQG ZLWK DQ DGGHG  PP
VHFWLRQ RI  PP GLDPHWHU FRWWRQ ZLFN SODFHG
YHUWLFDOO\ VHUYHG DV DQ RYLSRVLWLRQ VXEVWUDWH WKDW
ZDV UHSODFHG HYHU\ ± GD\V 7KH VRLO LQ WKLV
HJJGLVK FRQVLVWHG RI D  YROXPH PL[ RI
3UR0L[ 3UHPLHU 7HFK /WG
ZZZSUHPLHUWHFKFRP WURSLFDO VDQG 6RXWKGRZQ
7URSLFDO 3OD\ 6DQG <DUG5LJKW 6HOHFW
ZZZ\DUGULJKWFRP DQG KRUWLFXOWXUDOJUDGH
YHUPLFXOLWH 393 ,QGXVWULHV 1RUWK %ORRPILHOG
2+ PRLVWHQHG ZLWK GHLRQL]HG ZDWHU WR
DSSUR[LPDWHO\  ZDWHU E\ ZHLJKW DQG
SHULRGLFDOO\ UHPRLVWHQHG ZLWK GHLRQL]HG ZDWHU
$GXOW Lebia ZHUH SURYLGHG ZLWK  WR  WKLUGLQVWDU
L. decemlineata ODUYDH HYHU\  GD\V IURP WKH
,QVHFW %LRFRQWURO /DERUDWRU\ FRORQ\ UHDUHG RQ
SRWDWRFY.HQQHEHF
(JJGLVKHV ZHUH LQFXEDWHG DQG FKHFNHG IRU
KDWFKLQJ RI ILUVWLQVWDU L. grandis VWDUWLQJ VHYHQ
GD\V DIWHU SODFLQJ WKHP LQWR DGXOW FDJHV XQWLO 
GD\V DIWHU UHPRYDO )LUVWLQVWDU L. grandis ZHUH
WUDQVIHUUHG RQH SDUDVLWRLG WR RQH KRVW LQWR EODFN
(OOLSVR R] RYDO SRUWLRQ FXSV ZLWK FOHDU OLG
1HZVSULQJ 3DFNDJLQJ ZZZSDFWLYFRP LQWR
ZKLFK PRLVWHQHG PHGLXP KDG EHHQ ILOOHG WR ZLWKLQ
DERXW PP RI WKH LQQHU ULP ,QVLGH WKH FXS DW WKH
VLGH MXQFWXUH RI PHGLXP DQG SODVWLF D  PP
VHFWLRQ RI  PP GLDPHWHU FRWWRQ ZLFN ZDV SODFHG
YHUWLFDOO\ WR DEVRUE H[FHVV PRLVWXUH $ VWDUWHU KROH
GLYRW ZDV PDGH LQ WKH FHQWHU RI HDFK ILOOHG FXS
DQG XVLQJ D SRLQWHG SUREH WKUHH YHQWLODWLRQ KROHV
ZHUH SXQFKHG LQWR HDFK OLG 7KH GLYRW HQFRXUDJHG
WKH SUHSXSD WR GLJ LQ WKH FHQWHU RI WKH FXS DQG WKXV
SXSDWH VXUURXQGHG E\ VRLO PHGLXP 7R LVRODWH KRVW
SUHSXSDH ODWH WK LQVWDU Leptinotarsa ODUYDH ZHUH
SODFHG LQ ZD[HG  R] LFH FUHDP FXSV 6ZHHWKHDUW
&XS &RPSDQ\ ZZZVRORFXSFRP ZLWK VHYHUDO
KRVW SODQW OHDYHV SUHSXSDH OHDYH WKH IROLDJH DQG WU\
WR EXUURZ LQWR WKH ERWWRP RI WKH FXS 3UHSXSDH
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WKH SUHSXSD EXUURZHG LQWR WKH PHGLXP EHORZ WKH
VXUIDFH OHYHO D VLQJOH ILUVWLQVWDU FDUDELG ODUYD
EURZQ DQG DFWLYHO\ PRYLQJ ZDV DGGHG DQG WKH
FXS FDSSHG ,I KRVW SUHSXSDH IDLOHG WR EXUURZ LQWR
WKH PHGLXP DIWHU RQH KRXU D VLQJOH FDUDELG ODUYD
ZDV QHYHUWKHOHVV DGGHG &XSV ZHUH FKHFNHG HYHU\
± G IRU HPHUJHQFH RI WKH KRVW RU SDUDVLWRLG DQG
DGXOW SDUDVLWRLGV XVHG IRU H[SHULPHQWV RU DGGHG WR
WKHFRORQ\
/LIH VWDJHV RI L. decemlineata )LJXUH $ % ZHUH
REWDLQHG IURP ,QVHFW %LRFRQWURO /DERUDWRU\
FRORQLHV WKDW RULJLQDWHG IURP %HOWVYLOOH 0DU\ODQG
PDLQWDLQHG FRQWLQXRXVO\ RQ D  /' SKRWRSHULRG
DW URRP WHPSHUDWXUH DSSUR[ & DQG IHG RQ
IROLDJHRISRWDWRFY.HQQHEHF
L. juncta OLIH VWDJHV )LJXUH & ' ZHUH FROOHFWHG
LQ  IURP KRUVHQHWWOH LQ JUD]HG SDVWXUHV DW WKH
%XUJXQG\ &HQWHU IRU :LOGOLIH 6WXGLHV LQ +DPSVKLUH
&RXQW\ :9 WR HVWDEOLVK WKH ODE FRORQ\ IRU
SDUDVLWLVP H[SHULPHQWV DQG FROOHFWHG DV DGXOWV LQ
 LQ SRWDWR ILHOGV DW WKH 86'$ %HOWVYLOOH
$JULFXOWXUDO 5HVHDUFK &HQWHU LQ %HOWVYLOOH 0' WR
HVWDEOLVK WKH ODE FRORQ\ XVHG IRU DOO RWKHU
H[SHULPHQWV. L. juncta DUH PDLQWDLQHG RQ
JUHHQKRXVHUDLVHG SRWWHG KRUVHQHWWOH SODQWV DQG
JUHHQKRXVHUDLVHG RU ILHOGFROOHFWHG KRUVHQHWWOH
IROLDJH IURP %HOWVYLOOH 0' ([FLVHG IROLDJH LV
SODFHG LQ DQ $TXDSLF ZZZV\QGLFDWHVDOHVFRP
ILOOHG ZLWK TXDUWHUVWUHQJWK +RDJODQG¶V VROXWLRQ
+RDJODQG DQG $UQRQ  *URZWK FKDPEHU
UHDULQJ FRQGLWLRQV DUH  /' SKRWRSHULRG
WHPSHUDWXUH RI & DQG UHODWLYH KXPLGLW\ RI
 0RLVWHQHG 3UR0L[ LV SURYLGHG IRU
SXSDWLRQ
L. haldemani DGXOWV ZHUH FROOHFWHG  6HSWHPEHU
 E\ 5LFKDUG &URVODQG IURP $QGHUVRQ
WKRUQEXVK Lycium andersonii *UD\ QHDU %HQVRQ
$= 7KLV QHZ KRVW UHFRUG ZDV HVWDEOLVKHG E\ *DU\
%HUQRQ DQG 7RP )RUUHVWHU ZLWK D FROOHFWLRQ LQ 
* %HUQRQ SHUVRQDO FRPPXQLFDWLRQ.L .
haldemani )LJXUH ( ) ZHUH UHDUHG RQ H[FLVHG
SRWDWR IROLDJH ZLWKRXW $TXDSLFV LQ YHQWLODWHG
SODVWLF OLWHU ER[HV LQ JURZWK FKDPEHUV DW &
 5+ DQG FRQWLQXRXV OLJKW /LJKWO\
PRLVWHQHG3UR0L[LVSURYLGHGIRUSXSDWLRQ
Suitability of Leptinotarsa species for L.
grandis parasitism
+RVW VXLWDELOLW\ WHVWV ZHUH FRQGXFWHG LQ 0DUFK DQG
$SULO  XVLQJ L. grandis ILUVW LQVWDUV DQG WKUHH
VSHFLHV RI Leptinotarsa SUHSXSDH L. decemlineata,
L. juncta, DQG L. haldemani. L. grandis DQG
Leptinotarsa VSS ZHUH REWDLQHG IURP ODERUDWRU\
FRORQLHV HVWDEOLVKHG WKH SUHYLRXV VXPPHU DV
GHWDLOHG DERYH +RVW SUHSXSDH WK LQVWDU ODUYDH
WKDW KDG FHDVHG IHHGLQJ ZHUH LGHQWLILHG DV
GHVFULEHG DERYH DQG ZHLJKHG WR WKH QHDUHVW PJ
3UHSXSDH ZHUH WKHQ VHW XS LQGLYLGXDOO\ LQ R] FXSV
ILOOHG ZLWK WKH DERYHGHVFULEHG PL[WXUH RI
3UR0L[ VDQG DQG YHUPLFXOLWH 7KH PL[WXUH
FRPSRQHQWV KDG EHHQ DXWRFODYHG IRU  PLQ SULRU
Figure 5. $GXOWVDQGSUHSXSDHRIWKHWKUHH Leptinotarsa species$/ decemlineata DGXOW%/ decemlineata
SUHSXSD&/ juncta DGXOW' L. juncta SUHSXSD( L. haldemani DGXOW) L. haldemani SUHSXSD
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 ZDWHU FRQWHQW
E\ ZHLJKW $IWHU ZHLJKLQJ WKH SUHSXSDH ZHUH
SODFHG LQWR D VPDOO GLYRW RQ WKH VXUIDFH RI WKH
PHGLXP )LJXUH  :KHQ WKH SUHSXSD EXUURZHG
LQWR WKH PHGLXP EHORZ WKH VXUIDFH OHYHO WKH
HODSVHG WLPH ZDV UHFRUGHG DQG D VLQJOH ILUVWLQVWDU
Lebia IXOO\ VFOHURWL]HG DQG DFWLYHO\ PRYLQJ ZDV
DGGHG DQG WKH FXS FDSSHG ,I KRVW SUHSXSDH IDLOHG
WR EXUURZ LQWR WKH PHGLXP DIWHU  PLQ D Lebia
ODUYD ZDV QHYHUWKHOHVV DGGHG +DOI RI HDFK KRVW
VSHFLHV UHFHLYHG RQH L. grandis ODUYD DQG KDOI ZHUH
DOORZHG WR SXSDWH ZLWKRXW DGGLWLRQ RI WKH ODUYDH
PDWFKHG VR WKDW HYHU\ VHFRQG KRVW SXSD VHUYHG DV D
FRQWURO $OO FXSV ZHUH SODFHG LQ D JURZWK FKDPEHU
XQGHU D  /' SKRWRSHULRG ZLWK UHODWLYH
KXPLGLW\    DQG WHPSHUDWXUHV RI & IRU
WKH K VFRWRSKDVH UDPSHG RYHU  K WR & KHOG
IRU  K LQ WKH PLGGOH RI WKH SKRWRSKDVH DQG
UDPSHG GRZQ WKH ILQDO  K RI SKRWRSKDVH IRU D
GDLO\ PHDQ WHPSHUDWXUH RI & (PHUJHQFH RI
WKH KRVW DQG FDUDELG DGXOWV ZDV QRWHG E\ FKHFNLQJ
HYHU\ ± GD\V IURP  XQWLO  GD\V VLQFH
LQVWDOODWLRQ RI WKH KRVW SUHSXSDH (PHUJHG KRVWV
DQG SDUDVLWRLGV ZHUH ZHLJKHG WR WKH QHDUHVW PJ
DQGVH[HG
&KLVTXDUH WHVWV 6WDWYLHZ IRU :LQGRZV 6$6
,QVWLWXWH  ZHUH SHUIRUPHG WR GHWHUPLQH
ZKHWKHU WKH RXWFRPHV GLIIHUHG E\ KRVW 7KLV WHVW
ZDV  KRVWV E\  RXWFRPHV FDUDELG HPHUJHG RU QRW
HPHUJHG IURP FXSV WR ZKLFK FDUDELG ODUYDH ZHUH
DGGHG SDLUV RI KRVWV ZHUH DOVR WHVWHG ZLWK
%RQIHUURQLFRUUHFWHG E\ &KLVTXDUH WHVWV 7KH
H[SHULPHQWDO GHVLJQ ZLWK PDWFKHG SDUDVLWL]HG DQG
XQSDUDVLWL]HG WUHDWPHQWV DOORZHG D WHVW RI ZKHWKHU
WKH LQWURGXFWLRQ RI RQH FDUDELG ODUYD FKDQJHG WKH
SURSRUWLRQ RI KRVWV HPHUJLQJ HYHQ LQ WKRVH FXSV
WKDW \LHOGHG QR FDUDELG DGXOWV 7KLV ZDV WHVWHG
DJDLQ LQ D  KRVWV E\  RXWFRPHV KRVW DGXOW
HPHUJHG RU GLG QRW HPHUJH &KLVTXDUH WHVW XVLQJ
RQO\ WKRVH FXSV QRW \LHOGLQJ FDUDELG DGXOWV ,I KRVW
HPHUJHQFH ZHUH GHSUHVVHG DPRQJ WKRVH FXSV QRW
\LHOGLQJ SDUDVLWRLG DGXOWV WKLV ZRXOG VXJJHVW WKDW D
SRUWLRQ RI SDUDVLWRLGV FDXVHG KRVW PRUWDOLW\ EXW
IDLOHG WR FRPSOHWH WKHLU GHYHORSPHQW UHVXOWLQJ LQ
HPHUJHQFH RI QHLWKHU EHHWOH 5HJUHVVLRQV DQG
DQDO\VLV RI FRYDULDQFH 6$6 ,QVWLWXWH  ZHUH
XVHG WR GHWHUPLQH WKH HIIHFW RI KRVW PDVV RQ
HPHUJHG SDUDVLWRLG PDVV :KHWKHU WKHUH ZDV DQ\
HIIHFW RQ WKH VH[ RI WKH SDUDVLWRLG DULVLQJ IURP
HLWKHU WKH VSHFLHV RU PDVV RI WKH SUHSXSDO KRVW ZDV
GHWHUPLQHG E\ FRPSDULVRQ ZLWK WKH FXPXODWLYH
Figure 6. 3DUDVLWLVPVHWXSVKRZLQJKRVWSUHSXSDLeptinotarsa decemlineataEHIRUHGLJJLQJ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
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UHVSHFWLYHO\ 6$6 ,QVWLWXWH  7KH SRVVLEOH
HIIHFW RQ L. grandis DGXOW HPHUJHQFH RI WLPH EHIRUH
LWV SUHSXSDO KRVW GXJ LQWR WKH VRLO PHGLXP RU
ZKHWKHU WKH KRVW GXJ DW DOO ZLWKLQ  PLQ ZDV
WHVWHG XVLQJ ORJLVWLF UHJUHVVLRQ DQG &KLVTXDUH WHVW
UHVSHFWLYHO\ $GXOW HPHUJHQFH GDWH DQG PDVV ERWK
RI WKH SDUDVLWRLG DQG LWV KRVWV DQG DV DIIHFWHG E\
VH[ RI HPHUJHG DGXOW ZHUH WHVWHG XVLQJ $129$
6$6,QVWLWXWH
Larval prey choice of adult L. grandis
1HZO\HPHUJHG L. grandis DGXOWV WKH ) RIIVSULQJ
RI DGXOWV FROOHFWHG LQ $XJXVW  IURP D SRWDWR
ILHOG LQ %HOWVYLOOH 0DU\ODQG ZHUH ZHLJKHG ZLWKLQ
RQH GD\ RI HPHUJHQFH DQG WKHQ RIIHUHG  ODUYDH
HDFK RI L. decemlineata, L. haldemani, and L.
juncta DOO WKLUG LQVWDUV ZLWK DQ DSSUR[LPDWH
LQGLYLGXDO ZHLJKW RI  PJ 7KLUWHHQ EHHWOHV ZHUH
KRXVHG VLQJO\ LQ D PO WUDQVSDUHQW VW\UHQH
DFU\ORQLWULWH ER[ 0HSDO5RVWL ZZZPHSDOFRP
SURYLGHG ZLWK WZR  PP KROHV FRYHUHG ZLWK JUD\
ZRYHQ Q\ORQ QRVHHXP FORWK 5(, &RRS
ZZZUHLFRP VHFXUHG ZLWK KRW JOXH DQG DQ RSDTXH
ZKLWH ORZGHQVLW\ SRO\HWK\OHQH VQXJILWWLQJ WRS
7KH FRQWDLQHU FRQWDLQHG WZR  PP ORQJ  PP
GLDPHWHU FRWWRQ ZLFNV PRLVWHQHG ZLWK GHLRQL]HG
ZDWHU LQ D  PP GLDPHWHU RSHQ 3HWUL GLVK ERWWRP
DQG VKUHGGHG ZD[ SDSHU FRYHULQJ RQHWKLUG RI WKH
FRQWDLQHU IORRU 7KH ODUYDH ZHUH UHOHDVHG LQ UDQGRP
RULHQWDWLRQ LQWR D  PP RSHQ 3HWUL GLVK WRS ZKLFK
ZDV SODFHG LQ WKH PLGGOH RI WKH FRQWDLQHU ERWWRP
EHWZHHQ WKH VKUHGGHG ZD[ SDSHU DQG WKH PRLVWHQHG
GHQWDO ZLFNV 3UH\ ODUYDH ZHUH XQIHG DQG L.
grandis DGXOWV ZHUH UHOHDVHG DW WKH EHJLQQLQJ RI WKH
H[SHULPHQW LQWR WKH ZD[ SDSHU $W OHDVW RQFH HDFK
GD\ WKH ODUYDH ZHUH FRXQWHG DQG UHSOHQLVKHG WR WKH
RULJLQDO QXPEHUV )ROORZLQJ WKH FKRLFH H[SHULPHQW
DGXOW L. grandis ZHUH VH[HG DFFRUGLQJ WR WKH
PHVRWLELDO FKDUDFWHU GHVFULEHG E\ &KDERXVVRX
 7KH QXOO K\SRWKHVLV WKDW WKH DGXOWV
FRQVXPHG HTXDO QXPEHUV RI ODUYDH RI HDFK VSHFLHV
ZDV WHVWHG XVLQJ 3URF 0L[HG 6$6 ,QVWLWXWH 
WR FRQGXFW D ZD\ $129$ ZLWK RQH IDFWRU
LQGLFDWLQJ ZKHWKHU WKH GLVWULEXWLRQ LV ³REVHUYHG´ RU
³H[SHFWHG´ LH HTXLYDOHQW IUHTXHQF\ VHW WR
RQHWKLUG IRU HDFK VSHFLHV DQG WKH RWKHU IDFWRU
UHSUHVHQWLQJ WKH  VSHFLHV (DFK DGXOW ZDV D
UHSOLFDWH H[SHULPHQWDO XQLW WKH GHSHQGHQW YDULDEOH
ZDV WRWDO SURSRUWLRQ RI SUH\ ODUYDH FRQVXPHG
6LJQLILFDQFH RI WKH ZD\ LQWHUDFWLRQ HIIHFW ZRXOG
LQGLFDWH QRQHTXLYDOHQW SUHIHUHQFH 7KH
UHODWLRQVKLS EHWZHHQ ODUYDO FRQVXPSWLRQ DQG GD\
ZDV H[DPLQHG E\ ILWWLQJ D OLQHDU UHJUHVVLRQ XVLQJ
3URF 0L[HG ZLWK 7<3( $17( FRYDULDQFH
VWUXFWXUH DPRQJ REVHUYHG FRQVXPSWLRQ DPRXQWV
IRU WKH VDPH DGXOW VSHFLILHG LQ WKH 5(3($7('
VWDWHPHQW 7KH DGXOWV DURVH IURP D ODUYDO UHDULQJ
XVLQJ WKUHH GLIIHUHQW ODUYDO KRVWV WKLV HIIHFW DV ZHOO
DV VH[ RI Lebia SUHGDWRU ZDV WHVWHG DV WR HTXDO WRWDO
ODUYDOFRQVXPSWLRQDVZHOO
Egg prey choice of adult L. grandis
7ZHOYH QHZO\HPHUJHG L. grandis DGXOWV  )
RIIVSULQJ RI DGXOWV FROOHFWHG LQ -XO\  IURP D
SRWDWR ILHOG LQ %HOWVYLOOH 0DU\ODQG ZHUH ZHLJKHG
ZLWKLQ RQH GD\ RI HPHUJHQFH DQG WKHQ KRXVHG
VLQJO\ LQ  PO FRQWDLQHUV DV DERYH DQG RIIHUHG
 HJJV RI L. decemlineata  HJJV RI L.
haldemani DQG  HJJV RI L. juncta HDFK KDYLQJ DQ
DSSUR[LPDWH WRWDO PDVV RI  PJ 7KH WKUHH HJJ
JURXSV ZHUH V\PPHWULFDOO\ VSDFHG DURXQG WKH
PDUJLQ RI D  PP RSHQ 3HWUL GLVK WRS ZKLFK ZDV
SODFHG LQ WKH PLGGOH RI WKH FRQWDLQHU ERWWRP
EHWZHHQ WKH VKUHGGHG ZD[ SDSHU DQG WKH PRLVWHQHG
GHQWDO ZLFNV ZLWK UDQGRP HJJ VSHFLHV RULHQWDWLRQ
)LJXUH  (DFK GD\ IRU  WR  GD\V WKH HJJV ZHUH
FRXQWHG DQG UHSOHQLVKHG WR WKH RULJLQDO QXPEHUV
DQG DQ\ KDWFKLQJ RU QHDUWRKDWFKLQJ HJJV DOVR
UHSODFHG )ROORZLQJ WKH FKRLFH H[SHULPHQW DGXOW L.
grandis ZHUH VH[HG 7KH QXOO K\SRWKHVLV WKDW WKH
DGXOWV FRQVXPHG HTXDO PDVV RI HJJV RI HDFK
VSHFLHV ZDV WHVWHG XVLQJ 3URF 0L[HG 6$6 ,QVWLWXWH
 WR FRQGXFW D ZD\ $129$ ZLWK RQH IDFWRU
LQGLFDWLQJ ZKHWKHU WKH GLVWULEXWLRQ LV ³REVHUYHG´ RU
³H[SHFWHG´ LH HTXLYDOHQW SURSRUWLRQ VHW WR
RQHWKLUG IRU HDFK VSHFLHV DQG WKH RWKHU IDFWRU
UHSUHVHQWLQJ WKH  VSHFLHV (DFK DGXOW ZDV D
UHSOLFDWH H[SHULPHQWDO XQLW WKH GHSHQGHQW YDULDEOH
ZDV WKH E\PDVV SURSRUWLRQ RI WRWDO PDVV RI HJJV
FRQVXPHG 6LJQLILFDQFH RI WKH ZD\ LQWHUDFWLRQ
HIIHFW ZRXOG LQGLFDWH QRQHTXLYDOHQW SUHIHUHQFH
7KH UHODWLRQVKLS EHWZHHQ HJJ FRQVXPSWLRQ DQG GD\
ZDVH[DPLQHGDVDERYHIRUODUYDH
Results and Discussion
$OO WKUHH Leptinotarsa VSHFLHV VXSSRUWHG VXFFHVVIXO
GHYHORSPHQW RI L. grandis IURP ILUVWLQVWDU WR
DGXOW +RZHYHU WKH SURSRUWLRQ VXFFHVVIXOO\
FRPSOHWLQJ WKLV GHYHORSPHQW GLIIHUHG VLJQLILFDQWO\
E\ KRVW ZLWK  VXFFHVVIXO HPHUJHQFH RQ L.
juncta, FRPSDUHG WR  IRU L. decemlineata DQG
 IRU L. haldemani Sï Ƶ    GI 
7KH SURSRUWLRQ RI KRVWSDUDVLWRLG FRPELQDWLRQV
UHVXOWLQJ LQ QR HPHUJHQFH DOVR GLIIHUHG E\ VSHFLHV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661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-RXUQDORI,QVHFW6FLHQFH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 Figure 7. (JJFKRLFHDUHQDVKRZLQJVSHFLHVRIHJJPDVVHVHDFKHTXLYDOHQWWRPJHJJVRI Leptinotarsa
juncta SLQNWRVDOPRQLQFRORUHJJVRI Leptinotarsa haldemani EHLJHWREURZQHJJVRI Leptinotarsa
decemlineata \HOORZRUDQJH7KHVHZHUHSODFHGZLWKUDQGRPL]HGRULHQWDWLRQEHWZHHQPRLVWHQHGFRWWRQZLFNVDQG
VKHOWHURIVKUHGGHGZD[SDSHULQPOFRQWDLQHU1RWHDGXOW Lebia grandis LQZD[SDSHU
)LJXUH  7KLV FRPSDULVRQ UHYHDOHG WKDW IRU L.
decemlineata DQG L. haldemani D VLJQLILFDQW
DGGLWLRQDO PRUWDOLW\ DVVRFLDWHG ZLWK WKH SDUDVLWRLG
RFFXUUHG LQ WKH ³Lebia DGGHG´ WUHDWPHQW DV VKRZQ
E\ WKH FURVVKDWFKHG SRUWLRQ RI EDUV LQ )LJXUH 
7KLV SURSRUWLRQ ZDV KLJKHVW IRU L. decemlineata
  [  WHVW Sï Ƶ    GI    RYHUDOO
Q    VLJQLILFDQWO\ KLJKHU WKDQ IRU L. haldemani
Sï Ƶ    GI    Q    DQG
RQO\  IRU L. juncta S    Ƶ   GI   
Q    QRW VWDWLVWLFDOO\ VLJQLILFDQWO\ GLIIHUHQW IURP
]HUREXWVKRZQLQEDUJUDSK
7KH PHDQ DGXOW PDVV RI QHZO\ HPHUJHG L. grandis
ZDV SRVLWLYHO\ UHODWHG WR WKH SUHSXSDO PDVV RI WKH
KRVW DQ HIIHFW VLJQLILFDQW RQO\ IRU L. decemlineata
)LJXUH  DQG FDSWLRQ 7KHUH ZDV D VLJQLILFDQW KRVW
HIIHFW DWWULEXWDEOH WR ZKHWKHU WKH KRVW ZDV L.
haldemani, ZKLFK GHSUHVVHG DGXOW SDUDVLWRLG PDVV
E\  PJ LQGHSHQGHQW RI KRVW PDVV )LJXUH 
7KHUH ZDV QR LQWHUDFWLRQ RI KRVW W\SH DQG SUHSXSDO
PDVV HIIHFWV WKHUHIRUH WKH UHJUHVVLRQ OLQHV VKRZQ
DUH QRW VLJQLILFDQWO\ QRQSDUDOOHO 0HDQV IRU DGXOW
PDVV RI L. grandis EDVHG RQ KRVW ZHUH  PJ IRU
L. decemlineata KRVW  PJ IRU L. juncta DQG
 PJ IRU L. haldemani. 1HZO\ HPHUJHG PDOH
DQG IHPDOH DGXOW L. grandis GLG QRW GLIIHU E\ IUHVK
PDVV ,QLWLDO PDVV RI WKH ILUVWLQVWDU FDUDELGV ZDV
QRW PHDVXUHG VR WKLV SDUDPHWHU FRXOG QRW EH
H[DPLQHG IRU LQIOXHQFH RQ WKH DGXOW HPHUJHQFH
PDVV
7KH VH[ UDWLR ZDV QRW VLJQLILFDQWO\ GLIIHUHQW E\ KRVW
QRU GLG WKLV UDWLR GLIIHU VLJQLILFDQWO\ IURP  IRU
DQ\ RI WKH KRVWV DOWKRXJK WKHUH ZHUH D WRWDO RI RQO\
 IHPDOHV HPHUJHG DQG GHWHUPLQHG $OWKRXJK
KRVW Leptinotarsa GLIIHUHG LQ PHDQ GHYHORSPHQWDO
WLPH IURP SUHSXSDO EXU\LQJ WR DGXOW HPHUJHQFH
 GD\V   6( IRU L. decemlineata  
 IRU L. haldemani DQG  GD\V   IRU L.
juncta DOO VLJQLILFDQWO\ GLIIHUHQW IURP RQH DQRWKHU
E\ 7XNH\¶V +6' WHVW DW S   ZLWK DQ RYHUDOO )  
 GI    DQG S   L. grandis WLPH WR
HPHUJHQFH GLG QRW GLIIHU E\ KRVW DYHUDJLQJ 
GD\V   6( RYHUDOO 0DOH DQG IHPDOH KRVWV DQG
PDOH DQG IHPDOH L. grandis GLG QRW GLIIHU LQ GD\V
WR HPHUJHQFH 7KLV LV FRQVLVWHQW ZLWK WKH
WHPSHUDWXUHEDVHG PRGHO RI *URGHQ  ZKLFK
SUHGLFWV D GHYHORSPHQWDO SHULRG RI  GD\V DW D
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RI Leptinotarsa'LIIHUHQFHLVKLJKO\VLJQLILFDQWIRUSURSRUWLRQVRQ Leptinotarsa juncta FRPSDUHGWRWKHWZRRWKHU
VSHFLHVSïƵ WHVWQ DQGUHVSHFWLYHO\&URVVKDWFKHGSRUWLRQRI³QHLWKHU´GHQRWHVDGGHGKRVW
PRUWDOLW\DWWULEXWHGWRSDUDVLWRLGHIIHFWZLWKRXWSDUDVLWRLGHPHUJHQFH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
Figure 9. 5HODWLRQVKLSRI Lebia grandis PDVVQHZO\HPHUJHGFDUDELGDGXOWYHUVXVKRVWPDVVLeptinotarsa
SUHSXSD6ORSHRIUHJUHVVLRQOLQHLVVLJQLILFDQWO\GLIIHUHQWIURP]HURRQO\IRU Leptinotarsa decemlineata VROLG\HOORZ
OLQH\ [Q S 5
DGM KRZHYHUVORSHVIRUWKHWKUHHKRVWVGRQRWGLIIHUWKHVLJQLILFDQW
HIIHFWRIKRVWLVDWWULEXWDEOHWRDUHGXFHGPHDQ Lebia PDVVIRUWKRVHSDUDVLWL]LQJ Leptinotarsa haldemaniFRPSDUHGWR
WKHRWKHUWZRVSHFLHV0HDQVDQGVWDQGDUGHUURUVDUHVKRZQIRUHDFKKRVW
FRQVWDQW & DQG WKH UHDULQJ GDWD RI
&KDERXVVRX  ZKR UHSRUWHG GXUDWLRQ RI  WR
GD\VDW&
$OWKRXJK SUHSXSDO GLJJLQJ LQGLFDWHV UHDGLQHVV WR
SXSDWH LQ Leptinotarsa DQG WKXV PLJKW ZHOO
LQGLFDWH VXLWDELOLW\ IRU L. grandis SDUDVLWLVP WKHUH
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-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH ZDV QR VLJQLILFDQW HIIHFW RI WLPH WR GLJJLQJ XS WR 
PLQ RU ZKHWKHU WKH SUHSXSD GXJ DW DOO ZLWKLQ 
PLQ RQ OLNHOLKRRG RI VXFFHVVIXO SDUDVLWRLG
HPHUJHQFH ORJLVWLF UHJUHVVLRQ ZLWK S    5  
 Ƶ    Q     [  Ƶ ZLWK S    Ƶ  
 Q    UHVSHFWLYHO\ IRU DOO KRVWV SRROHG 7KLV
SUREDEO\ LQGLFDWHV WKDW WKH SUHSXSDH UHJDUGOHVV RI
LPPHGLDWH UHDGLQHVV WR GLJ ZHUH VXLWDEOH KRVWV
ZLWKLQ WKH ZLQGRZ RI ILUVWLQVWDU SDUDVLWRLG DFWLYLW\
$FFRUGLQJ WR *URGHQ  WKH ILUVWLQVWDUV
VXUYLYHG D PHDQ RI  GD\V LQ WZR W\SHV RI PRLVW
VRLO DW & &KDERXVVRX  HPSKDVL]HG WKDW
ODUYDH ZLOO RIWHQ IDLO WR SDUDVLWL]H KRVWV WKDW KDYH
DOUHDG\ IRUPHG WKHLU SXSDWLRQ FKDPEHU 7KXV WKH
ULVN RI DV\QFKURQ\ DW OHDVW ZLWK \RXQJ DQG YLJRURXV
SDUDVLWRLG ODUYDH PD\ EH OHVV ZLWK ³XQGHUULSH´
SUHSXSDH LQ D RQHWRRQH ODERUDWRU\ VHWWLQJ 7KHUH
ZHUH VLJQLILFDQW GLIIHUHQFHV DPRQJ DOO  KRVWV LQ
SURSRUWLRQ GLJJLQJ ZLWKLQ  PLQ Ƶ WHVW RYHUDOO S
  ZLWK  RI L. decemlineata GLJJLQJ
RI L. junctaDQGRQO\RI L. haldemani.
8QGHU WKHVH ODERUDWRU\ FRQGLWLRQV L. decemlineata
\LHOGHG IHZHU SDUDVLWRLGV WKDQ WKRVH XVHG E\
&KDERXVVRX  ZKR HYHQWXDOO\ DFKLHYHG
DSSUR[LPDWHO\  VXFFHVV LQ FRWWRQVWRSSHUHG
JODVV WHVW WXEH RI  FP GLDPHWHU DQG  FP GHSWK
ILOOHG ZLWK VWHULOL]HG VRLO +H HPSKDVL]HG WKH
LPSRUWDQFH RI VRLO PRLVWXUH WR WKH VXFFHVV RI
UHDULQJ GHVLFFDWLRQ EHLQJ D KD]DUG HDUO\ LQ ODUYDO
OLIH DQG WRR PXFK PRLVWXUH LQKLELWLQJ WKH
SXSDODGXOW PROW ,W LV SRVVLEOH WKDW RXU FRQWDLQHUV
ZHUH WRR VKDOORZ EHLQJ RQO\ DERXW DV GHHS DV WKH
ILHOG GHSWK RI L. decemlineata SXSDH LQ *URGHQ¶V
 WHWKHULQJH[SHULPHQWVDERXWFP
1HZO\HPHUJHG DGXOWV SUHVHQWHG D FKRLFH RI 
WKLUGLQVWDU Leptinotarsa ODUYDH  HDFK RI WKH 
GLIIHUHQW VSHFLHV FRQVXPHG D PHDQ RI  ODUYDH
SHU GD\ DSSUR[  PJG  RI IRRG RIIHUHG
ZLWK QR VLJQLILFDQW SUHIHUHQFH DPRQJ SUH\ VSHFLHV
)    S    3UHIHUHQFH DQG RYHUDOO
FRQVXPSWLRQ GLG QRW GLIIHU VLJQLILFDQWO\ E\ SUHGDWRU
ODUYDO KRVW VH[ HPHUJHQFH PDVV RU GD\V VLQFH
HPHUJHQFHOLQHDURUTXDGUDWLF
(JJ FRQVXPSWLRQ VKRZHG D GLIIHUHQW SDWWHUQ WKDQ
ODUYDO FKRLFH LQGLFDWLQJ D GLIIHUHQFH LQ HJJ
FRQVXPSWLRQ E\ VSHFLHV RYHUDOO )    S  
 7KH H[SHFWHG SURSRUWLRQ RI HJJV FRQVXPHG
RI WKH  VSHFLHV WKDW ZHUH SUHVHQWHG LQ HTXDO PDVVHV
RI  PJ HDFK ZDV RQHWKLUG IRU HDFK VSHFLHV.L .
juncta HJJ FRQVXPSWLRQ    RI HJJ IUHVK
PDVV FRQVXPHG ZDV VLJQLILFDQWO\ KLJKHU WKDQ WKH
QXOO K\SRWKHVLV ZKHUHDV L. decemlineata HJJV
FRQVXPHG DFFRXQWHG IRU VLJQLILFDQWO\ OHVV  
 RI WKH WRWDO DQG L. haldemani DW  GLG
QRW GHYLDWH IURP WKH H[SHFWDWLRQ XQGHU WKH QXOO
K\SRWKHVLV (JJ FRQVXPSWLRQ DYHUDJHG  PJG
HTXLYDOHQW WR WKH PDVV RI  L. decemlineata
HJJV RU  RI WRWDO HJJV RIIHUHG RYHU WKH  GD\V
VLQFH HPHUJHQFH DQG WKHUH ZDV QR VLJQLILFDQW
OLQHDURUTXDGUDWLFWLPHWUHQG
2XU ODUYDO FRQVXPSWLRQ GDWD ZHUH KLJKHU WKDQ
WKRVH REVHUYHG E\ *URGHQ  IRU ILHOGFROOHFWHG
DGXOWV KHOG LQ WKH ODE DW & IRU ILYH GD\V ZKLFK
FRQVXPHG  WKLUGLQVWDU L. decemlineata ODUYDH
SHU GD\ +RZHYHU RXU HJJ FRQVXPSWLRQ ZDV OHVV
WKDQ *URGHQ¶V  WHVWV ZKLFK VKRZ IRU WKH
VDPH SRRO RI ILHOGFROOHFWHG DGXOWV  L.
decemlineata HJJV SHU GD\ DW & DQG PRUH WKDQ
 SHU GD\ IRU & DQG & DV ZHOO *URGHQ¶V HJJ
FRQVXPSWLRQ UHVXOWV YDULHG RYHU WKH VHDVRQ DQG DV
&KDERXVVRX  QRWHV SUH\ FRQVXPSWLRQ YDULHV
VWURQJO\ IURP DERXW  WR  WKLUG LQVWDUV SHU GD\
ZLWK ERWK WHPSHUDWXUH DQG DGXOW PDWXULW\ ZLWK DQ
HVSHFLDOO\ PDUNHG LQFUHDVH LQ FRQVXPSWLRQ RI L.
decemlineata WKLUGLQVWDUODUYDH XQGHU QRFKRLFH
FRQGLWLRQV ZKHQ WKH IHPDOHV ILUVW LQLWLDWHG
RYLSRVLWLRQ ,Q WKHVH H[SHULPHQWV QHZO\ HFORVHG L.
grandis DWH DQ HVWLPDWHG PHDQ RI PJG IURP
Leptinotarsa ODUYDO FKRLFH EXW RQO\ D PHDQ RI 
PJG IURP Leptinotarsa HJJ FKRLFH 7KH \RXQJ
SUHGDWRUV PD\ KDYH EHHQ VWLPXODWHG E\ WKH
PRYHPHQW RI WKH ODUYDH WKDW ZDQGHU DURXQG WKH
FRQWDLQHU EHFDXVH WKH\ ZHUH QRW IHG SURPRWLQJ
UHSHDWHG SUHGDWRUSUH\ HQFRXQWHUV (JJV LQ
FRQWUDVW DUH VWDWLRQDU\ DQG HQFRXQWHUV ZLWK WKHVH
SUH\ UHTXLUH H[SORUDWLRQ LQLWLDWHG E\ WKH SUHGDWRUV
RXWVLGH RI WKH VKUHGGHG ZD[ SDSHU VKHOWHU DUHD RI
WKH FDJH $OWKRXJK RXU H[SHULPHQWV GLG QRW WHVW LW
QHZO\ HFORVHG L. grandis PD\ VLPSO\ SUHIHU ODUYDH
WR HJJV *URGHQ  RIIHUHG HJJODUYDO FKRLFH
ZLWK WKH UHVXOW RI QR SUHIHUHQFH WKHVH ZHUH
ILHOGFROOHFWHG LQVHFWV RI XQGHWHUPLQHG DJH PRVW RI
ZKLFKZHUHUHSURGXFWLYHO\PDWXUH
/DUYDO KRVWV RI RQO\ IRXU Lebia VSHFLHV KDYH EHHQ
GRFXPHQWHG 6LOYHVWUL  &KDERXVVRX 
/LQGURWK  &DSRJUHFR  RXUV LV WKH ILUVW
GRFXPHQWDWLRQ RI PXOWLSOH KRVWV IRU WKH JHQXV
DOWKRXJK VXFK DVVRFLDWLRQV KDYH ORQJ EHHQ
VXVSHFWHG HJ &DSRJUHFR  ,W LV OLNHO\ JLYHQ
WKH ODUJH QXPEHU RI REVHUYDWLRQV RI Lebia VSHFLHV
DVVRFLDWHG ZLWK FKU\VRPHOLGV LQ WKH ILHOG WKDW PDQ\
VSHFLHV KDYH PXOWLSOH KRVWV 7KH FDUDELG SDUDVLWRLG
JHQXV Brachinus SDUDVLWL]HV IRXU EHHWOH IDPLOLHV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH +\GURSKLOLGDH '\WLVFLGDH *\ULQLGDH DQG
&DUDELGDH (UZLQ  -XOLDQR  6DVND 	
+RQHN  7KH VDPH SDUDVLWRLG VSHFLHV PD\
HYHQ GHYHORS RQ PRUH WKDQ RQH IDPLO\ RI KRVWV
GLIIHULQJ JUHDWO\ LQ VL]H 6LPLODU WR Lebia Brachinus
ODUYDH DUH VKRUWOLYHG DQG WKHLU PRELOLW\ LV OLPLWHG
E\ GLVSHUVDO DELOLW\ WKLV OLPLWV KRVW FKRLFH DQG
JLYHV DGYDQWDJH WR WKH DELOLW\ WR GHYHORS RQ D
YDULHW\ RI KRVW VL]HV DQG W\SHV -XOLDQR  ,Q B.
lateralis ODUJHU ERG\ VL]H FRUUHODWHV SRVLWLYHO\ ZLWK
IHFXQGLW\ LQ IHPDOHV DQG ZLWK PDWLQJ VXFFHVV LQ
PDOHV DQG IRU WKLV VSHFLHV D OLPLWHG QXPEHU RI GDWD
SRLQWV VKRZ D VWURQJ UHODWLRQVKLS RI SDUDVLWRLG
PDVV ZLWK KRVW PDVV DQG D VXJJHVWLRQ RI D GLIIHUHQW
UDWLRIRUGLIIHUHQWKRVWV-XOLDQR
:H KDYH GHPRQVWUDWHG ERWK TXDQWLWDWLYH DQG
TXDOLWDWLYH KRVW HIIHFWV RQ L. grandis IRU WKH 
Leptinotarsa VSHFLHV LQ WKLV VWXG\ /LQGURWK 
UHPDUNV WKDW LQ Lebia, ³ERG\VL]H LV UHPDUNDEO\
LQFRQVWDQW LQ PDQ\ VSHFLHV´ GXH WR YDU\LQJ VL]H RI
WKH KRVW SXSD 'HYHORSPHQWDO SODVWLFLW\ WKDW DOORZV
PDWXUDWLRQ RI VPDOOHUVL]HG DGXOWV VHUYHV WR
SURPRWH VXUYLYDO XQGHU DGYHUVH FRQGLWLRQV
SHUKDSV DOVR LQFUHDVLQJ WKH SUREDELOLW\ RI LQLWLDO
VXFFHVV RQ QRYHO KRVWV 7KLV FRXOG WKHQ EH IROORZHG
E\ VXEVHTXHQW VHOHFWLRQ IRU SRWHQWLDOO\ PRUH
HIILFLHQWXWLOL]DWLRQRIWKHQRYHOKRVW
,I L. grandis ZDV RULJLQDOO\ D SDUDVLWRLG H[FOXVLYHO\
RI L. juncta, LWV HQFRXQWHU OHVV WKDQ  \HDUV DJR
ZLWK L. decemlineata D VPDOOHU KRVW UHSUHVHQWHG
DQ HQRUPRXV RSSRUWXQLW\ WR H[SORLW D QRYHO
H[WUHPHO\ DEXQGDQW IRRG VRXUFH ,WV SRRUHU
SDUDVLWRLG VXFFHVV XQGHU RXU FRQGLWLRQV DQG ORZHU
FRQVXPSWLRQ RI L. decemlineata HJJV FRPSDUHG WR
WKRVH RI L. juncta VXJJHVWV WKDW L. decemlineata
PD\ VWLOO FRQVWLWXWH D OHVVWKDQRSWLPDO KRVW RQ DQ
LQGLYLGXDO EDVLV ,W LV SHUKDSV VLJQLILFDQW IRU WKH
SDUDVLWRLG WKDW L. decemlineata SXSDH GHYHORS
DOPRVW  GD\V PRUH TXLFNO\ WKDQ WKRVH RI L. juncta
XQGHU RXU ODE FRQGLWLRQV SRVVLEO\ GHWUDFWLQJ
IURP KRVW TXDOLW\ DQGRU WLPH ZLQGRZ IRU
VXFFHVVIXO SDUDVLWRLG IHHGLQJ DQG GHYHORSPHQW
GXULQJ KRVW PHWDPRUSKRVLV 2XU VWXG\ GLG QRW
H[SORUH WKH SRVVLEOH WULWURSKLF HIIHFWV RI IRRG SODQW
RQ WKH FDUDELG SDUDVLWRLG RU SUHGDWRU VWDJHV.L .
juncta ODUYDH UHDUHG RQ KRUVHQHWWOH UDWKHU WKDQ
SRWDWR ZKLFK WKH RWKHU WZR VSHFLHV ZHUH UHDUHG RQ
PD\ EH PRUH VXLWDEOH WR Lebia SDUDVLWLVP RU
SUHGDWLRQ EHFDXVH RI WKH GLIIHUHQFH LQ KRVW SODQW
6LQFH ERWK L. decemlineata DQG L. juncta GHYHORS
ZHOO RQ ERWK HJJSODQW DQG KRUVHQHWWOH :HEHU 	
)HUUR  :HEHU XQSXEOLVKHG IRU L. juncta RQ
HJJSODQW VXFK D FRPSDULVRQ ZRXOG HOXFLGDWH WKLV
SRWHQWLDOWULWURSKLFHIIHFW
:KLOH IHPDOH ERG\ VL]H LV IUHTXHQWO\ SRVLWLYHO\
FRUUHODWHG ZLWK IHFXQGLW\ LQ SDUDVLWRLGV DQG
SUHGDWRUV -HUYLV 	 &RSODQG  VPDOOHU ERG\
VL]H LV QRW DOZD\V DVVRFLDWHG ZLWK ORZHU IHFXQGLW\
ERG\ VL]H FDQ EH FRPSOHWHO\ XQUHODWHG WR IHFXQGLW\
VLQFH PDQ\ RWKHU IDFWRUV PD\ EH LPSRUWDQW VXFK DV
DJH DW PDWLQJ DQG ILUVW UHSURGXFWLRQ ORQJHYLW\ DQG
DGXOW IHHGLQJ /HDWKHU  )RU L. grandisD
UHODWLYHO\ ORQJOLYHG YRUDFLRXVO\IHHGLQJ DGXOW
SURGXFLQJ ODUJH QXPEHUV RI YHU\ VPDOO HJJV ERG\
VL]H PD\ QRW EH DV LPSRUWDQW DV VXFFHVVIXOO\
PDWXULQJ WR D IHUWLOH DGXOW ZLWKLQ D EURDG UDQJH RI
ERG\VL]H
2YHU WKH OLIH RI WKH EHHWOH LWV SUHGDWLRQ VKRXOG KDYH
D PXFK ODUJHU LPSDFW WKDQ WKH VLQJOH SUHSXSD NLOOHG
E\ WKH SDUDVLWRLG ODUYDO VWDJH +RZHYHU WKH
LPSRUWDQFH RI ODUYDO VSHFLILFLW\ WR Leptinotarsa LV
WKDW UHSURGXFLQJ DGXOW Lebia DUH FRQVWUDLQHG WR WKH
KDELWDW RI WKHLU FKU\VRPHOLG ODUYDO KRVW WR D JUHDWHU
H[WHQW WKDQ DQ\ RI WKH RWKHU L. decemlineata
SUHGDWRUV 7KXV WHWKHUHG LQ WLPH DQG VSDFH WR LWV
KRVW L. grandis KDV WKH SRWHQWLDO WR H[HUW
VLJQLILFDQW ELRORJLFDO FRQWURO RQ LWV KRVW RYHU D
UDQJH RI KRVW GHQVLWLHV LI HQYLURQPHQWDO FRQGLWLRQV
DUH IDYRUDEOH LQFOXGLQJ FKHPLFDO DQG FXOWXUDO
SUDFWLFHVLQWKHDJURHFRV\VWHP
,Q VSLWH RI JHQHUDOLVW SUHGDWRUV EHLQJ
ZHOOUHSUHVHQWHG LQ WKH VXLWH RI QDWXUDO HQHPLHV RI
L. decemlineata LQ 1RUWK $PHULFD DQG (XURSH DQG
SURYLGLQJ VRPH LPSRUWDQW VXSSUHVVLRQ L.
decemlineata IUHTXHQWO\ RXWVWULSV WKHVH FRQWUROV
DQG VHYHUHO\ GHIROLDWHV SRWDWR FURSV LQ PDQ\
UHJLRQV +RXJK*ROGVWHLQ HW DO  3UHGDWLRQ RI
L. decemlineata E\ JHQHUDOLVW KHWHURSWHUD DV ZHOO DV
FRFFLQHOLGV FDQ EH GLVUXSWHG LQ WKH SUHVHQFH RI
DOWHUQDWH SUH\ WKLV DV ZHOO DV LQWUDJXLOG SUHGDWLRQ
PD\ OLPLW WKH HIIHFWLYHQHVV RI JHQHUDOLVWV .RVV 	
6Q\GHU  7KH UHVSRQVH RI WKH FRPPRQ
JHQHUDOLVW FRFFLQHOLG Coleomegilla maculata /HQJL
WR DOWHUQDWH SUH\ LV YDULDEOH DQG FRPSOH[
0DOODPSDOOL HW DO  7KHUHIRUH WKH PRUH
VSHFLDOL]HG Lebia grandis DQG WKH WDFKLQLG
SDUDVLWRLGV Myiopharus VSS /ySH] HW DO 
PD\ EH NH\ VSHFLHV WKDW DUH GLVSURSRUWLRQDWHO\
LPSRUWDQW 6WUDXE 	 6Q\GHU  WR WDUJHW IRU
FRQVHUYDWLRQ DQGRU DXJPHQWDWLRQ DV SDUW RI D




:H WKDQN (OOLH *URGHQ DQG (ULF 5LGGLFN IRU DGYLFH
ZLWK LQLWLDWLQJ UHDULQJ RI Lebia grandis. %U\DQ
9LQ\DUG SURYLGHG YDOXDEOH VWDWLVWLFDO DGYLFH
HVSHFLDOO\ LQ WKH HYDOXDWLRQ RI WKH ZD\ HJJ DQG
ODUYDO FKRLFH DVVD\V (GZDUG $ &ODUN DQG -HQQLIHU
/ &XUWLV FROOHFWHG DQG PDLQWDLQHG Leptinotarsa
DQG Lebia FRORQLHV DQG 5REHUW %HQQHWW DQG /\QGD
/LVND SURYLGHG SRWDWR SODQWV DQG L. decemlineata
IRU Lebia KRVW DQG SUH\ -RQ &XUWLV (GGLH %HQGHU
DQG $QQ 6LGRU DVVLVWHG ZLWK ILHOG FROOHFWLRQV RI
Lebia DQG L. juncta. 9LQL 6FKRHQH RI WKH %XUJXQG\
&HQWHU IRU :LOGOLIH 6WXGLHV JHQHURXVO\ DOORZHG
FROOHFWLRQ RI :HVW 9LUJLQLD L. juncta. 5LFKDUG
&URVODQG RI 1,+1,1'6 FROOHFWHG WKH L. haldemani
DGXOWV IURP $UL]RQD EDVHG RQ DGYLFH IURP *DU\
%HUQRQ RI 86'$$3+,6 DQG IROORZLQJ H[SORUDWLRQ
E\ /XLV &DxDV QRZ RI 2KLR 6WDWH 8QLYHUVLW\ (OOLH
*URGHQ (ULF 5LGGLFN DQG WZR DQRQ\PRXV
UHYLHZHUV SURYLGHG KHOSIXO FRPPHQWV RQ HDUOLHU
YHUVLRQVRIWKHPDQXVFULSW
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